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HIGH-PRESSURE DISCHARGE LAMP
HAVING A CERAMIC DISCHARGE VESSEL
DIRECTLY SEALED TO A ROD

FIELD OF THE INVENTION

The ivention relates to a high-pressure discharge lamp
having a ceramic discharge vessel.
The mvention also relates to a retlector lamp.

BACKGROUND OF THE INVENTION

High-pressure discharge lamps having a ceramic discharge
vessel contain fillings which, besides a noble gas, such as, for

example, argon or Xe gas, also comprise metal halide salt
mixtures such as NaCe, NaTl, NaSc, and NaTlDy halide, for
example, 10dide or combinations of these salts. These metal
halide salt mixtures are applied to obtain, iter alia, a high
lamp efficacy, a specific color temperature and a specific
value of the general color rendering index Ra.

High-pressure discharge lamps of this type generally have
a discharge vessel which encloses a discharge space compris-
ing the filling of the metal halide salt mixtures. The discharge
space further comprises electrodes between which a dis-
charge 1s maintained. Typically, the electrodes are connected
to lead-through conductors, also referred to as feed-through
conductors, which pierce the discharge vessel. To connect the
lead-through conductors to the discharge vessel and seal 1t, a
glass material, also known as 1r1t, 1s generally used. However,
due to the relatively low melting temperature of the irit and
the relatively high temperatures at the discharge space of the
discharge vessel when the high-pressure discharge lamp 1s 1n
operation, the discharge vessel comprises extended plugs 1n
which the frt seals the electrode lead-through conductors to
the discharge vessel.

An alternative embodiment of the high-pressure discharge
lamp 1s known from PCT patent application WO 2005/
124823, The known high-pressure discharge lamp has a dis-
charge vessel comprising a first and a second closing con-
struction at respective sides of the discharge vessel. The
closing constructions are connected to the discharge vessel
and comprise a respective first and second current feed-
through, at least the second of which comprises a tube having
a sintered bond to the extended ceramic plug forming the
second closing construction. The tube, which consists of a
metal chosen from molybdenum, rhenium, tungsten, iridium,
their alloys, and optionally also comprises vanadium and/or
titanium, encloses a current-supply conductor while main-
taining a capillary space. The tube and the current-supply
conductor are welded together at an external end of the
extended ceramic plug, which weld constitutes a hermetic
seal of the capillary space. The known high-pressure dis-
charge lamp has the drawback of a rather complex closing
construction and a relatively short lifetime.

A further known lamp construction i1s described 1n
EP158079°7. This lamp has a lead-through construction of at
least one ball-shaped piece made of metal chosen from the
platinum group and being sealed to a ceramic plug by means
of a solder.

This known construction has a number of drawbacks. Dur-
ing the sealing process, the solder tends to run down outside
the sealing area and over the electrode 1tself. The solder mass
thus present mside the discharge space enclosed by the dis-
charge vessel contaminates the filling of the discharge space,
which adversely afiects the light properties of the lamp and
thus has a detrimental effect on 1ts lifetime.
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Furthermore, the ball shape 1s disadvantageous because it
presents problems when the volume bounded by the ceramic

plug and the lead-through element 1s completely filled. This 1s
all the more true when the lead-through element 1s composed
ol a row of two or more ball-shaped pieces.

Moreover, 1t 1s a drawback that there 1s no suitable solder
that can form a strong bond with the ceramic plug and the
metal of the lead-through element and also withstands the

lamp operating conditions for a lamp life span of more than
1000 hours.

OBJECT AND SUMMARY OF THE INVENTION

It 1s an object of the invention to provide a metal halide
discharge lamp having a longer lifetime.

According to a first aspect of the imvention, the object 1s
achieved with a high-pressure discharge lamp having a dis-
charge vessel enclosing a discharge space which 1s provided
with an 1onizable filling comprising one or more halides, the
discharge vessel being substantially constituted by a ceramic
material having first and second end portions, and current-
supply conductors issuing through each end portion to
respective electrodes arranged 1n the discharge space so as to
maintain a discharge,

at least one of the current-supply conductors being formed
as a rod comprising iridium. In a preferred embodiment, the
rod 1s directly sealed to the ceramic material.

The effect of the measures according to the invention 1s that
use of the rod comprising iridium directly sealed to the
ceramic material results 1n a greatly reduced risk of cracks
being formed in the ceramic maternal of the discharge vessel
wall at the interface of the rod and the ceramic material. This
has a significant effect on an effective increase of the lifetime
of the high-pressure discharge lamp.

In a preferred embodiment of the high-pressure discharge
lamp according to the invention, the rod 1s directly sealed to
the ceramic material by means of a sintered bond, which
results 1n a vacuum-tight closure or seal of the discharge
vessel via a direct connection between the rod and the ceramic
material. A cross-section of the rod may have any shape, for
example, a circular, elliptical, square, or angular shape.

In a further preferred embodiment, the lead-through rod
comprising Ir 1s directly fastened to the wall of the ceramic
discharge vessel by means of a suitable sealing composition,
such as, for example, sealing glass or crystalline sealing
ceramic, thus forming a hermetic seal of the discharge vessel.

The inventors have realized that the tube, which 1s directly
sintered to the ceramic material in the known high-pressure
discharge lamp, will be repeatedly deformed due to heating
and cooling of the known high-pressure discharge lamp when
switched on and off. This repeated deformation 1n the known
high-pressure discharge lamp will result 1n cracks in the
ceramic material, especially at the interface between the tube
and the ceramic material, which will result 1n leakage of the
discharge vessel, typically resulting 1n the end of life of the
known high-pressure discharge lamp. When a rod comprising
iridium according to the mvention 1s used, the rod will be less
deformed in comparison with a tube and, as such, the cracks
at the interface between the rod and the ceramic material will
be reduced, resulting 1n a longer lifetime of the high-pressure
gas discharge lamp.

It 1s true that the difference in thermal rate of expansion of
Ir and Nb 1s negligible 1n relation to the thermal rate of
expansion of alumina. However, Nb, which 1s by far the most
common metal used for lead-through conductors in ceramic
discharge vessels, 1s certainly more ductile than Ir. In this
respect, 1t 1s surprising that, 1n forming the directly sealed
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lead-through element, an Ir rod results 1n a reliable and long-
lasting feed-through construction of a high-pressure dis-
charge lamp. Besides, it results 1n a much less complex con-
struction of the feed-through sealing of the lamp, which 1s a
great advantage 1n mass production on an industrial scale.

Use of an iridium rod which 1s directly sealed to the
ceramic material according to the invention has the further
advantage of a smaller discharge vessel, which results 1n a
turther miniaturization of the high-pressure discharge lamp.
When the rod comprising iridium 1s directly sealed to the
ceramic material by means of a sintered bond, a connection
between the rod comprising iridium and the ceramic material
can generally withstand high temperatures, so that the con-
nection between the rod and the ceramic material may be
applied relatively close to the discharge of the discharge
vessel. This allows miniaturization of the high-pressure dis-
charge lamp.

When the direct seal 1s made by means of a sealing irit, the
sealing 1rit generally comprises a composition of different
glass-like materials, such as Al,O;, Dy,O, and S10,. An
aspect of using the sealing frit 1s that typically its melting
point 1s lower than the average operating temperature in the
discharge space of the high-pressure discharge lamp. As a
result, the sealing frit 1s preferably applied at some distance
from the discharge space of the high-pressure gas discharge
lamp. Particularly 1n a discharge vessel of small dimensions,
this 1s achieved by the first and second end portions of the
high-pressure discharge lamp being formed as a plug, which
extends away from the discharge. Due to the relatively low
temperatures near the sealing irit 1in this construction, salt
components of the 1onizable filling of the high-pressure dis-
charge lamp comprising one or more halides will have a
considerably reduced reactivity with the int.

Use of an iridium rod which 1s directly sealed to the
ceramic material according to the invention has the additional
advantage that 1t allows a relatively high temperature
throughout the discharge vessel, 1n particular when the direct
seal 1s formed by a sinter bond, which results 1n a more
homogeneous temperature distribution inside the discharge
vessel, promotes the maintenance of the lamp and thus con-
tributes to a longer lifetime. Among other features, a rela-
tively high temperature throughout the discharge vessel
reduces migration of the ceramic material from one part of the
discharge vessel to another part, which further contributes to
a longer lifetime of the high-pressure discharge lamp. In
discharge lamps with extending plugs projecting consider-
ably far away from the discharge, a relatively large tempera-
ture difference will occur between the discharge vessel near
the discharge and near the end portions of the extended plug.
This relatively large temperature difference may cause
ceramic material to migrate from the mner wall of the dis-
charge vessel to the end portions, which would weaken the
discharge vessel near the discharge and thus shorten the life-
time of the high-pressure discharge lamp. Use of the rod
comprising iridium directly sealed to the ceramic matenal
provides the possibility of keeping the length of an extended
plug very much reduced, so that migration of the ceramic
material can be decreased, which also contributes to a further
increase of the lifetime of the high-pressure discharge lamp.
A Turther advantage of a relatively homogeneous temperature
of the high-pressure discharge lamp 1s improvement of 1ts
color stability.

In this description and claims, “ceramic material™ 1s under-
stood to mean a refractory material such as a monocrystalline
metal oxide (e.g. sapphire), polycrystalline metal oxide (e.g.
polycrystalline densely sintered aluminum oxide and yttrium
oxide), and polycrystalline non-oxide material (e.g. alumi-
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num nitride). Such materials can be made translucent when
nearly tully dense, allow wall temperatures of 1500 to 1700
Kelvin and are highly resistant to chemical attacks by halides
and other filling components. For the purpose of the present
invention, polycrystalline aluminum oxide (PCA) has been
found to be most suitable.

In an embodiment of the high-pressure discharge lamp, a
sintered bond 1s formed between the rod and the ceramic
material, constituting the direct seal between the rod and the
ceramic material. This embodiment has the advantage that no
crevices are left between the ceramic material and the rod,
which minimizes the salt components of the 1onizable filling
to be extracted from the discharge space by precipitation of
the salt components 1n the crevices. This non-existence of
crevices improves the color stability of the high-pressure gas
discharge lamp.

In a further embodiment of the discharge lamp according to
the invention, the direct seal between the current-supply con-
ductor formed as a rod comprising Ir and the ceramic material
of the discharge vessel 1s formed by means of a sealing irit.
This embodiment has the advantage that well-proven lamp
fabrication technology can basically be kept unaltered.
Besides, the rod shape causes the sealing irit to be spread
evenly on the surfaces of both the ceramic part and the Ir rod
at the sealing section, resulting in a more reliable and stronger
bond than with a current conductor construction having ball-
shaped sections.

To further contribute to the quality, strength and durability
of the direct seal by means of a sealing ir1t, the Ir rod and the
ceramic material are tapered at the location of the seal. The
tapered form of both the ceramic part and the Ir rod as current-
supply conductor provides a self-aligming fit between both
pieces and thus contributes to an even distribution of the
sealing frit across the length of the seal. Besides, the shape of
said construction helps to prevent the sealing frit from tlowing,
into the discharge space during the sealing process.

In an alternative construction, the Ir rod 1s provided with a
flange, which 1s sealed on the outside surface of the ceramic
discharge vessel with the sealing frit. In this construction, the
flange forms a kind of cap on the head of the ceramic plug or
the end of the ceramic vessel wall. By nature of 1ts shape, 1t 1s
virtually impossible for the sealing irit to flow into the dis-
charge space, while at the same time the seal formed by the
sealing int 1s located at a relative large distance from the
discharge when the lamp is 1n operation. In this way, both
advantages ol keeping the sealing frit out of the discharge
space and keeping 1t relatively cool during lamp operation are
achieved.

In an embodiment of the high-pressure discharge lamp, the
discharge vessel comprises a translucent ceramic burner hav-
ing the first and the second end portions, and a ceramic plug
for sealing the first and/or the second end portions of the
translucent ceramic burner, the rod comprising 1ridium which
1s directly sealed to the ceramic plug. This embodiment has
the advantage that use of a ceramic plug allows a relatively
large opening 1n the translucent ceramic burner, which pro-
vides the possibility of using structures at the side of the
current-supply conductors facing the discharge. These
extending structures are also commonly known as coils or
spheres. Use ol coils or spheres in the high-pressure discharge
lamp has the advantage that they reduce a blackening effect of
the discharge vessel due to sputtering of tungsten, which
occurs, for example, during 1gnition of the high-pressure
discharge lamp and, for example, when increasing/dimming
the light intensity.

In an embodiment of the high-pressure discharge lamp, the
ceramic plug and the translucent ceramic burner are consti-
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tuted by different ceramic materials. This embodiment has
the advantage that the ceramic plug can be constituted by the
different ceramic material chosen to allow a perfect connec-
tion between the rod comprising iridium and the ceramic
plug. For example, the different ceramic materal 1s chosen to
have a substantially identical coellicient of expansion as com-
pared to the rod comprising 1ridium, such that thermal stress
between the rod and the ceramic plug 1s minimized. Alterna-
tively, for example, the different ceramic material of the
ceramic plug 1s chosen to form a strong and vacuum-tight seal
between the rod and the ceramic plug. The different ceramic
material may be composed of, for example, (chemically)
different materials as compared to those of the translucent
ceramic burner, or it may, for example, only differ from the
translucent ceramic burner by a different presintering pro-
cess, for example, performed at a higher temperature than that
for the translucent ceramic burner. Generally, the light gen-
crated 1n the discharge space must be emitted from the high-
pressure discharge lamp, and thus at least part of the discharge
vessel must be constituted by a translucent ceramic material.
When the discharge vessel comprises a translucent ceramic
burner and a ceramic plug, the different ceramic material of
the ceramic plug does not necessarily have to be translucent,
which allows a broader range of ceramic materials to be used
as ceramic plug in the high-pressure discharge lamp accord-
ing to the mvention. The ceramic material of the ceramic plug
may also change during, for example, a process of sintering,
the indium rod into the ceramic plug, with the result that the
ceramic maternal of the ceramic plug 1s different from the
ceramic material of the translucent ceramic burner. This
allows use of a sintering process which results 1 a strong
gas-tight connection between the rod and the ceramic plug
while, for example, reducing the translucent characteristic of
the ceramic material of the ceramic plug.

In an embodiment of the high-pressure discharge lamp, a
turther sintered bond between the wall of the translucent
ceramic burner and the ceramic plug 1s arranged to seal the
translucent ceramic burner with the ceramic plug. This
embodiment has the advantage that the further sintered bond
1s generally resistant to the aggressive environment of the
high-pressure discharge lamp and 1s constituted by only a few
different matenals, which results 1n a relatively simple seal-
Ing process.

In an embodiment of the high-pressure discharge lamp, a
fr1t 1s arranged between the translucent ceramic burner wall
and the ceramic plug so as to seal the translucent ceramic
burner with the ceramic plug. This embodiment has the
advantage that the translucent ceramic burner can be sealed
with the ceramic plug while using the i1t at a relatively low
temperature, thus preventing vaporization of the filling com-
ponents. This 1s especially beneficial when using mercury as
a filling component 1n the 1onizable filling of the discharge
vessel, 1 which case the mercury temperature should not
exceed 300° C. belore the translucent ceramic burner is
sealed.

However, use of the irit for sealing the translucent ceramic
burner with the ceramic plug causes the irit to be relatively
close to the high-temperature discharge in the discharge
space. This construction 1s therefore particularly suitable 1n a
lamp having very low {ill quantities. In a lamp in which the
filling 1s substantially completely vaporized during opera-
tion, use of the Irit 1n this way relatively close to discharge
space 1s thus possible.

In an embodiment of the high-pressure discharge lamp, the
rod comprising iridium has a diameter of less than 600 um,
and preferably less than 300 um. Rods having diameters of
more than 600 um often exhlibit cracks at the interface
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between the rod and the ceramic material, generally resulting
from a difference between the thermal expansion of the iri-
dium rod and the ceramic material of the discharge vessel.
These cracks typically result in leakage of the discharge ves-
sel, typically resulting in the end of life of the high-pressure
discharge lamp. On the one hand, smaller diameters ensure
less thermal stress at the interface between the rod and the
ceramic material and increase the lifetime of the discharge
lamp. On the other hand, smaller diameters lead to a reduced
conduction, in particular heat conduction. Moreover, 1t 1s
more complicated to handle such small-diameter rods. A rod
diameter of between about 100 um and 300 um has turned out
to be a good compromise.

The invention turther relates to a reflector lamp comprising
the high-pressure discharge lamp according to the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention are apparent from
and will be elucidated with reference to the embodiments
described hereinaftter.

In the drawings:

FIGS. 1A and 1B are cross-sectional views of embodi-
ments of a high-pressure discharge lamp according to the
imnvention,

FIGS. 2A and 2B are cross-sectional views of end portions
of a high-pressure discharge lamp according to the invention,
in which the current-supply conductors are sealed to the
ceramic plug arranged 1 an opening of the translucent
ceramic burner,

FIGS. 3A and 3B are cross-sectional views of end portions
of a high-pressure discharge lamp according to the invention,
in which the current-supply conductors are sealed to the
ceramic plug arranged as a cap on an openming of the translu-
cent ceramic burner, the ceramic plug being attached to the
translucent ceramic burner by means of a irit,

FIGS. 4A and 4B are cross-sectional views of end portions
of a high-pressure discharge lamp according to the invention,
in which the direct seal 1s arranged between the current-
supply conductors and the translucent ceramic burner by
means of a sealing irit for sealing the current-supply conduc-
tors to the translucent ceramic burner, and

FIG. 5 shows a reflector lamp according to the invention.

The Figures are purely diagrammatic and not drawn to
scale. Particularly for clarity, some dimensions are exagger-
ated strongly. Stmilar components 1n the Figures are denoted
by the same reference numerals as much as possible.

DESCRIPTION OF EMBODIMENTS

FIGS. 1A and 1B are cross-sectional views of embodi-
ments of high-pressure discharge lamps 10, 12 according to
the invention. In these embodiments, the discharge lamp 10,
12 comprises a discharge vessel 21, 22 enclosing a discharge
space 24. The discharge vessel 21, 22 1s substantially consti-
tuted by a ceramic material such as aluminum oxide (Al,O,).
The discharge vessel 21, 22 further comprises a first end
portion 31, 33 and a second end portion 32, 34 from which the
current-supply conductors 44 1ssue through the discharge
vessel 21, 22. The current-supply conductors 44 are formed
by a rod comprising iridium. Generally, an electrode 42 1s
connected to the current-supply conductors 44 at a side facing
the discharge space 24. The electrode 1s often constituted by
tungsten. Furthermore, a current lead 46 1s connected to the
current-supply conductors 44 at a side facing away from the
discharge space 24. The current lead 46 1s often constituted by
molybdenum for connecting the electrode 42 via the current-
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supply conductor 44 to a power supply (not shown) for pow-
ering the high-pressure discharge lamp 10, 12.

In the embodiment of the discharge lamp 10 shown 1n FIG.
1A, the discharge vessel 21 comprises a translucent ceramic
burner with a wall 210 and a ceramic plug 61, both consisting
ol a first ceramic matenal. The translucent ceramic burner
wall 210 1s substantially cylindrical and 1s sealed, at the first
end portion 31, with the current-supply conductors 44 being
the rod comprising iridium and, at the second end portion,
with the ceramic plug 61 arranged as a cap on the translucent
ceramic burner wall 210. The cylindrical translucent ceramic
burner with wall 210 can be manufactured relatively easily
and at relatively low cost.

At the first end portion 31 of the ceramic burner 21, the
current-supply conductor 44 1s directly sealed to the ceramic
material of the translucent ceramic burner 21 via a sintered
bond 71 between the first ceramic maternal and the iridium rod
of current-supply conductor 44. The sintered bond 71
between the first ceramic material of the translucent ceramic
burner wall 210 and the rod of current-supply conductor 44
may be generated, for example, by increasing the temperature
of the first ceramic material surrounding the iridium rod of
current-supply conductor 44 to a sintering temperature
between 1700° C. and 1800° C., using, for example, an oven.
Alternatively, the sintered bond 71 may be produced, for
example, by first presintering the ceramic burner wall 210 at
a temperature between approximately 1000° C. and 1400° C.,
and subsequently, after applying the iridium rod 1n a hole of
the ceramic burner wall 210, sintering the ceramic burner wall
210 around the iridium rod so as to form a substantially
vacuum-tight, sintered bond seal.

At the second end portion 32 of the ceramic burner wall
210, the current-supply conductor 44 1s directly sealed to the
ceramic plug 61 via a sintered bond 71 between the {first
ceramic material of the ceramic plug 61 and the rod of cur-
rent-supply conductor 44. The ceramic plug 61 subsequently
seals the translucent ceramic burner, for example, via a fur-
ther sintered bond 72 between the ceramic plug 61 and the
translucent ceramic burner wall 210. In the embodiment
shown 1n FIG. 1A, the first ceramic material of the ceramic
plug 61 1s substantially identical to the first ceramic matenal
ol the translucent ceramic burner wall 210. Use of the ceramic
plug 61 has the advantage that 1t allows a different sintering
process for creating the sintered bond 710 between the rod of
current-supply conductor 44 and the ceramic plug 61, as
compared to the sintering process for creating the sintered
bond 71 between the rod of current-supply conductor 44 and
the translucent ceramic burner wall 210 as shown at the first
end portion 31. When the sintered bond between the rod of
current-supply conductor 44 and the translucent ceramic
burner wall 210 1s created, the sintering process should not
alter the translucent characteristics of the translucent ceramic
burner wall 210. This limits the choice of sintering processes
for creating the sintered bond 710 and thus may resultin aless
optimal sintered bond 710 between the rod of current-supply
conductor 44 and the translucent burner wall 210. Because of
the use of the ceramic plug 61, a different sintering process
may be chosen for creating the sintered bond 710 between the
ceramic plug 61 and the rod of current-supply conductor 44,
for example, a process resulting 1n a stronger bond between
the ceramic material of the ceramic plug 61 and the rod of
current-supply conductor 44. If this different sintering pro-
cess alters the translucent characteristics of the first ceramic
material of the ceramic plug 61, 1t will influence the emission
characteristic of the high-pressure discharge lamp 10 only
marginally. The use of substantially 1dentical first ceramic
materials for both the translucent ceramic burner wall 210 and
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the ceramic plug 61 yields substantially 1dentical material
characteristics such as thermal expansion of the ceramic plug
61 and the translucent ceramic burner wall 210. This results
in, for example, a relatively low thermal strain between the
ceramic plug 61 and the translucent ceramic burner wall 210
when, 1n operation, the high-pressure discharge lamp 10 heats
up and cools down when switched on and off, respectively.
This relatively low thermal strain will result 1n a relatively
long lifetime of the high-pressure discharge lamp 10. Further-
more, use of the ceramic plug 61 allows a relatively large
opening in the translucent ceramic burner wall 210 which, for
example, provides the possibility of using extended structures
48 (see FIG. 1B) at the electrodes 42. These extending struc-
tures 48 are also commonly known as coils (not shown) or
spheres 48. Use of coils or spheres 48 reduces a blackening
clfect of the discharge vessel wall 210, which effect 1s caused
by sputtering of tungsten 42, which occurs, for example,
during 1gnition of the high-pressure discharge lamp 10 and,
for example, when 1ncreasing/dimming the light intensity.

In the embodiment of the discharge lamp 12 shown 1n FIG.
1B, the discharge vessel 22 comprises a translucent ceramic
burner with wall 220 constituted by the first ceramic material
and the ceramic plug 61 constituted by a second ceramic
material differing from the first ceramic material. The trans-
lucent ceramic burner with wall 220 1s bulb-shaped and 1s
sealed, at the first end portion 33, with the rod of current-
supply conductor 44 and, at the second end portion 34, with
the ceramic plug 61 arranged as a cap 61 on the translucent
ceramic burner wall 220. The discharge 1n the discharge space
24 of the bulb-shaped translucent ceramic burner 1s located
further away from the wall of the bulb-shaped translucent
ceramic burner wall 220, which typically results in an
improved color rendering index of the high-pressure dis-
charge lamp 12 and an improved lifetime due to lower wall
temperatures of the translucent ceramic burner wall 220.

At the first end portion 31 of the ceramic burner with wall
220, the rod of current-supply conductor 44 1s directly sealed
to the first ceramic material of the translucent ceramic burner
wall 220 via a sintered bond 71 between the first ceramic
material and the iridium rod of current-supply conductor 44,
substantially i1dentically to the embodiment shown 1n FIG.
1A.

At the second end portion 34 of the translucent ceramic
burner wall 220, the current-supply conductor 44 1s directly
sealed to the ceramic plug 61 via a sintered bond 710 between
the second ceramic material of the ceramic plug 61 and the
rod of current-supply conductor 44. Subsequently, the
ceramic plug 61 seals the translucent ceramic burner wall
220, for example, via a further sintered bond 72 between the
ceramic plug 61 and the translucent ceramic burner wall 220.
The first ceramic material 1s selected to be, for example,
substantially translucent to the light emitted from the dis-
charge of the discharge space 24 of the high-pressure dis-
charge lamp 12 when 1n operation. The second ceramic mate-
rial 1s selected, for example, for obtaining a strong sintered
bond 710 between the current-supply conductor 44 and the
ceramic plug 61. The translucent characteristics of the second
ceramic material for the light emitted from the discharge of
the discharge space 24 will influence the emission character-
istic of the high-pressure discharge lamp 12 only marginally.
This allows a broader selection of second ceramic materials to
choose from so as to obtain the strong sintered bond 710
between the rod of current-supply conductor 44 and the
ceramic plug 61.

In the embodiments shown in FIGS. 1A and 1B, the
ceramic plug 61 may be produced around the current-supply
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conductor 44 by means of well-known molding processes,
such as 1njection molding, extrusion, and slip-casting.

In an embodiment of the high-pressure discharge lamp 10,
12, the rod of current-supply conductor 44 has a diameter d of
less than 600 um and preferably less than 300 um. When using
a rod having a diameter of less than 600 um, residual thermal
strains at the sintered bond 71, 710 caused, for example, by
remaining differences 1n thermal expansion of the ceramic
material and the rod of current-supply conductor 44 will
remain relatively small, preventing cracks occurring in the
sintered bond 71, 710 when the high-pressure discharge lamp
10, 12 heats up and cools down 1n use when switched on and
off, respectively.

FIGS. 2A and 2B are cross-sectional views of end portions
32, 34 of a igh-pressure discharge lamp 14, 15 according to
the invention. The discharge vessel 21, 22 1s constituted by the
translucent ceramic burner with wall 210, 220 and the
ceramic plug 62. In contrast with the embodiments shown 1n
FIGS. 1A and 1B, the ceramic plugs 62 shown 1in FIGS. 2A
and 2B are substantially arranged 1n the opening of the trans-
lucent ceramic burner wall 210, 220, rather than as a cap 61 as
shown 1n FIGS. 1A and 1B. This arrangement of the ceramic
plug 62 typically generates a sintered bond between the
ceramic plug 62 and the translucent ceramic burner wall 210,
220, which bond 1s stronger as compared to the application of
the ceramic plug 61 as a cap on the opening of the translucent
ceramic burner wall 210, 220 1n FIGS. 1A and 1B. To obtain
this strong sintered bond 72, the ceramic plug 62 is, for
example, presintered at a higher temperature than the trans-
lucent ceramic burner wall 210, 220. When the presintered
ceramic plug 62 i1s sintered to the presintered translucent
ceramic burner wall 210, 220, this wall 210, 220 will shrink
more than the ceramic plug 62, creating a substantially
vacuum-tight and strong bond. Furthermore, this stronger
sintered bond 72 typically results from an increased connec-
tion area of the sintered bond 72 when the ceramic plug 62 fits
in the opening of the translucent ceramic burner wall 210,
220.

In the embodiment shown 1n FIG. 2A, the substantially
cylindrical translucent ceramic burner wall 210 and the
ceramic plug 62 are both constituted by the first ceramic
maternial. The sintered bond 710 1s arranged between the
current-supply conductor 44 and the ceramic plug 62, and the
turther sintered bond 72 1s arranged between the ceramic plug
62 and the translucent ceramic burner wall 210. Again, use of
the first ceramic material for the ceramic plug 62 as well as the
translucent ceramic burner wall 210 results 1n, for example, a
relatively low thermal strain between the ceramic plug 62 and
the translucent ceramic burner wall 210 when, 1n operation,
the high-pressure discharge lamp 14 heats up and cools down
when switched on and off, respectively. This relatively low
thermal strain will result 1n a relatively long lifetime of the
high-pressure discharge lamp 14. The sintering process for
sealing the current-supply conductor 44 to the ceramic plug
62 may be optimized for the strong and crack-iree sintered
bond 710, possibly losing part of the translucent characteris-
tics of the first ceramic material of the ceramic plug 62.

In the embodiment shown in FIG. 2B, the bulb-shaped
translucent ceramic burner wall 220 1s constituted by the first
ceramic material, and the ceramic plug 62 1s constituted by
the second ceramic matenial. The first ceramic material 1s
selected to be, for example, substantially translucent to the
light emitted from the discharge of the discharge space 24 of
the high-pressure discharge lamp 15 when 1n operation. The
second ceramic material 1s selected, for example, for obtain-
ing a strong sintered bond 710 between the current-supply
conductor 44 and the ceramic plug 61.
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In the embodiments shown in FIGS. 2A and 2B, the
ceramic plug 62 extends from the translucent ceramic burner
wall 210, 220. However, the ceramic plug 62 may also be
arranged 1n the end portions 31, 33 of the high-pressure
discharge lamp.

FIGS. 3A and 3B are cross-sectional views of end portions
32, 34 of a high-pressure discharge lamp 16, 17 according to
the ivention, in which the current-supply conductors 44 are
sealed to the ceramic plug 61 arranged as a cap on the opening,
of the translucent ceramic burner 21, 22, the ceramic plug 61
being attached to the translucent ceramic burner wall 210,
220 by means of a 1r1it 73. The discharge vessel 21, 22 of the
high-pressure discharge lamp 16, 17 1s constituted by the
translucent ceramic burner wall 210, 220 and the ceramic
plug 61. Use of the 11t 73 allows a relatively quick closure of
the discharge vessel 21, 22 at relatively low temperatures.
This 1s especially beneficial when using mercury 1n the 10n-
izable filling of the high-pressure discharge lamp 16, 17
because the temperature of the 1onizable filling comprising
mercury should not exceed 300° C. so as to prevent evapora-
tion of the mercury before the translucent ceramic burner 1s
sealed.

In the embodiment shown in FIG. 3A, the substantially
cylindrical translucent ceramic burner wall 210 1s constituted
by the first ceramic material, and the ceramic plug 62 1s
constituted by the second ceramic material. Again, the first
ceramic material 1s selected to be, for example, substantially
translucent to the light emitted from the discharge of the
discharge space 24 of the high-pressure discharge lamp 16
when 1n operation. The second ceramic material 1s selected,
for example, for obtaining a strong sintered bond 710
between the current-supply conductor 44 and the ceramic
plug 61.

In the embodiment shown 1n FIG. 3B, the bulb-shaped
translucent ceramic burner wall 220 and the ceramic plug 61
are both constituted by the first ceramic material. The sintered
bond 710 1s arranged between the current-supply conductor
44 and the ceramic plug 61, and the it 73 1s arranged
between the ceramic plug 61 and the translucent ceramic
burner wall 220. Again, use of the first ceramic material for
the ceramic plug 62 as well as the translucent ceramic burner
wall 220 results 1n, for example, a relatively low thermal
strain between the ceramic plug 62 and the translucent
ceramic burner wall 220 of the high-pressure discharge lamp
17 1n operation. This relatively low thermal strain (1n opera-
tion) between the translucent ceramic burner wall 220 and the
ceramic plug 62 results 1n a relatively low thermal strain on
the frit 73, which prevents cracks appearing in the frit 73 and
increases the lifetime of the high-pressure discharge lamp 17.
The sintering process for sealing the current-supply conduc-
tor 44 to the ceramic plug 62 may be optimized for the strong
and crack-Iree sintered bond 710, possibly losing part of the
translucent characteristics of the first ceramic material of the
ceramic plug 62.

FIGS. 4A and 4B are cross-sectional views of end portions
32 of a high-pressure discharge lamp according to the mven-
tion, 1n which a sealing irit 74 1s arranged between the cur-
rent-supply conductors 44 and the translucent ceramic plug
61 forming the direct seal of the current-supply conductors 44
to the translucent ceramic maternial of the discharge vessel
(not shown). The sealing 1rit 74 1s composed of, for example,
Al,O;, Dy,O; and $10,. It forms a vacuum-tight seal around
the current-supply conductor 44, sealing the translucent
ceramic burner wall 210, 220.

FIG. 4A shows an embodiment of the sealing construction
of the high-pressure discharge lamp in which the Ir rod 1s
provided with a flange 440, which has been sealed on the
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outside surface of the ceramic plug 61 by means of the sealing
tr1t 74. In this construction, the flange 440 forms a kind of cap
on the head of the ceramic plug 61. Alternatively, the flange
440 1s sealed directly to the end of the ceramic vessel wall. By
nature of 1ts shape, flowing of the sealing irit into the dis-
charge space 1s virtually impossible, whilst at the same time
the seal formed by the sealing frit 74 1s located at a relatively
large distance from the discharge when the lamp 1s 1n opera-
tion. In this way, both advantages of keeping the sealing frit
out of the discharge space and keeping 1t relatively cool
during lamp operation are achieved. A very thin crevice 740,
which can partly be filled with sealing irit, 1s left along the
length of the ceramic plug 61 and the Ir rod formmg the
current-supply conductor 44. By partly filling the crevice 740,
its volume 1s as small as possible, thus minimizing the volume
available for filling constituents to condense during lamp
operation.

FIG. 4B shows an embodiment of the sealing construction
of the high-pressure discharge lamp in which the Ir rod and
the ceramic plug 61 are tapered at the location of the seal. The
tapered form of both the ceramic part over section 610 and the
Ir rod as current-supply conductor 44 over section 444 pro-
vides a self-aligning fit between both pieces and thus contrib-
utes to an even distribution of the sealing irit 74 across the
length of the seal. Besides, the shape of said construction
helps to prevent the sealing irit 74 from flowing into the
discharge space during the sealing process. Alternatively, a
direct seal 1s made between the Ir rod as current-supply con-
ductor 44 with a tapered section 444 and a tapered section at
the end of the ceramic discharge vessel.

It 1s further possible to have a combination of one of the
described types of direct seals by means of a sealing fritat one
end of the discharge vessel with a further one at the other end
of the discharge vessel.

In the constructions with a direct seal by means of a sealing,
tr1t, the Ir rod preferably has a small diameter of, for example,
=400 um, preferably =300 um at least when tapered at the
end connected to the electrode 42. The tlange 440 preferably
has the following dimensions: outer diameter 2 mm, or more
preferably 1 mm; flange thickness 100 um or less. A int
length 01 0.5 to 0.8 mm has shown to be sufficient to achieve
a vacuum-tight seal capable of lasting the lifetime of the lamp.

FIG. 5 shows a retlector lamp 100 according to the inven-
tion. The reflector lamp 100 comprises the high-pressure
discharge lamp 12 according to the mvention.

It should be noted that the above-mentioned embodiments
illustrate rather than limait the invention, and that those skilled
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in the art will be able to design many alternative embodiments
without departing from the scope of the appended claims.

It will be apparent to the person skilled in the art that each
end portion 31, 32, 33, 34 shown 1n FIGS. 1 to 4, including

L ] [T

any combination of different end portions 31, 32, 33, 34, can
be applied to obtain a high-pressure discharge lamp 10, 12,
14, 15, 16, 17, 18, 19 according to the mmvention, without
departing from the scope of the mnvention.

In the claims, any reference signs placed between paren-
theses shall not be construed as limiting the claim. Use of the
verb “comprise” and its conjugations does not exclude the
presence of elements or steps other than those stated 1n a
claim. The article “a” or “an” preceding an element does not
exclude the presence of a plurality of such elements. The
invention may be implemented by means of hardware com-
prising several distinct elements. In the device claim enumer-
ating several means, several of these means may be embodied
by one and the same item of hardware. The mere fact that
certain measures are recited in mutually different dependent
claims does not indicate that a combination of these measures
cannot be used to advantage.

The mvention claimed 1s:

1. A high-pressure discharge lamp comprising;:

a ceramic discharge vessel enclosing a discharge space
which 1s provided with an 10onizable filling comprising
one or more halides, the ceramic discharge vessel having
a first end portion and a second end portion;

current-supply conductors 1ssuing through the first end
portion and the second end portion to respective elec-
trodes arranged 1n the discharge space so as to maintain
a discharge,

wherein at least one of the current-supply conductors 1s
formed as a rod comprising iridium, and wherein a seal
1s formed 1n a crevice along length of the rod located
within a wall of the ceramic discharge vessel between
the rod and the wall, the rod being sealed to the wall of
the ceramic discharge vessel by a sealing 1rit located 1n
the crevice.

2. The lamp as claimed 1n claim 1, wherein the rod and the
ceramic discharge vessel are tapered at a location of the direct
seal.

3. The lamp as claimed in claim 1, wherein the rod 1s
provided with a flange which 1s directly sealed on an outside
surface of the ceramic discharge vessel by the sealing frit.

4. The high-pressure discharge lamp of claim 3, wherein
the flange does not extend beyond the outside surface to cover
sidewalls of the ceramic discharge vessel.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

